Filter cultures were grown to mid-logarithmic phase on agarose media containing universally 13 C-labeled glucose and 10 mM NH 4 Cl, and then transferred to similar media also containing 12 C dimethyl-ketoglutarate. Plotted here is the relative 12 C α-ketoglutarate concentration in metabolite extracts from these cells, determined by LC-MS on an
Exactive orbitrap mass spectrometer (ThermoFisher Scientific). The time-dependent fraction of 13 C-labeled PEP is shown here for each reaction whose rate is plotted in Figure 3a of the main text. Reactions in (a) contain no α-ketoglutarate, while those in (b) contain 2 mM α-ketoglutarate (note the change in vertical scale).
Plotted points are the mean ± standard error of 3 experiments; solid lines are the best fit by weighted non-linear least squares regression, as described in Methods in the main text.
(c) Time-dependent PEP labeling in reactions with and without 20 mM glutamate. Plotted points are the mean ± standard error of 3 experiments. Supplementary Methods for descriptions of the parameters and more details on the parameter sensitivity analysis. Metabolites were extracted from mid-logarithmic phase E. coli filter cultures grown in media containing 4 g/L mannitol and the specified amount of NH 4 Cl; extracts were analyzed by triple-quadrupole LC/MS-MS as described in Methods in the main text. The upshift from 2 mM to 10 mM NH 4 Cl plates lasted 8 minutes before extraction, and was performed analogously to the experiment depicted in Figure 1 
Supplementary

Model Definition
The equations governing our simplified model are shown below. The pool sizes of various intermediates are denoted as follows: G6P = x 6 ; PEP = x p ; Pyr = x y ; Glu = x u ; Gln = x n ; α-KG = x α . The two input sources, glucose (carbon) and NH 3 (nitrogen), are denoted by S C and S N , respectively. There are two main types of factors controlling the flux into or out of each pool. The first is a Michaelis-Menten activation function, and the second is product-feedback inhibition. The differential equations describing the stoichiometry of the system are
and the various fluxes on the right hand sides are defined as
In our simplified model, the terms I 1 and I 2 represent carbon and nitrogen input fluxes, respectively. Note that, importantly, α-KG provides feedback inhibition to I 1 (reflecting α-KG inhibition of citrate synthase 5 ) and Gln provides feedback inhibition to I 2 (reflecting Gln feedback inhibition of glutamine synthetase 6 ). The term V 1 was chosen to give the proper ratio of G6P and PEP pool sizes in the absence of other inputs. The term V 2 corresponds to production of α-KG from PEP and Pyr, while V 3 corresponds to production of Glu from α-KG and Gln. Also note that we have chosen the growth term, G, to be regulated by both If the cell experiences carbon limitation, the intracellular pool sizes will shrink until Pyr is near zero, but there will always remain a pool of PEP due to the sum rule. We only need to take care to start the system with the constant > 0.
Sensitivity Analysis
By varying the values of individual parameters we determined which qualitative and quantitative features of the model are sensitive to which parameters (see Supplementary   Fig. 3 ). There are three broad classes of parameters: those whose values have little or no effect on any quantity in the model (K Two of the parameters that affect glycolytic homeostasis control the strengths of α-KG feedback inhibition on glucose import (K α ) and on its own production (K α2 ). α-KG must control most of the regulation of the carbon reactions to maintain nearly constant pool sizes of glycolytic intermediates. This requires the feedback inhibition constants K α and K α2 to be roughly equal, so that the regulation of I 1 and V 2 occur in parallel without requiring changes in other pools. The known K i of α-KG with respect to citrate synthase (0.7 mM) is not far from the K i we determined for Enzyme I (1.3 mM), so the assumption that the corresponding parameters in our simplified model are equal in value is reasonable 5 . The other two parameters affecting glycolytic homeostasis, K m p and K m p2 , control the extent of PEP saturation of the two reactions consuming that metabolite (glucose transport and α-KG production).
